The present study investigated the probable influence of latrines and groundwater flow on the water quality of shallow tube wells in Shinduria village (23˚52' N and 90˚14' E) of Dhaka district, Bangladesh. A questionnaire survey was made to collect basic information on tube wells and latrines. Four boreholes were drilled to investigate lithostratigraphy. Twenty one water samples were collected and their physico-chemical parameters (Dissolved Oxygen, pH, phosphate, sulphate, nitrate, nitrite and iron) were analyzed using standard method. Total viable bacterial count (TVBC), total coliform count (TCC), total faecal coliform count (TFCC), total salmonella shigella (TSS) and total vibrio count (TVC) were also made using membrane filtration method. Average depth of the tube wells was 120 ft and most of them were less then ten years old. About 85% latrines were ring slab type and about 50% of these were built during the last five years. From borehole data, a shallow aquifer was identified at a depth of hundred feet from where local people extract drinking water. Although most of the physico-chemical parameters of the tested samples were within the Department of Environment (DoE). But almost all of the tested samples failed to ensure the quality of acceptable level for drinking water recommended by World Health Organization (WHO) due to the presence of higher load of TVBC (5.07 × 10³ cfu/100 ml), TCC (8.44 × 10 3 cfu/10 0ml), TFCC (5.16 × 10² cfu/100 ml) and TSS (1.10 × 10 3 cfu/100 ml). Local geological conditions and proximity between tube well and latrine promoted bacterial transport towards tube well while groundwater flow direction from the adjacent Bangshi River influenced the phenomenon.
INTRODUCTION
Improper sanitation system is one of the major causes of microbial contamination and water-borne diseases in developing countries like Bangladesh (NIPORT 2005 , Rahman et al. 2009 ). Rural people use pit latrine which consists of a ditch in soil covered with a slab that contains a hole through which the feces enter into the pit. The solid waste remains within the pit, while the liquid waste percolates into the sub-soil via the permeable walls of the pit. Nearly half of the water samples collected from shallow tube wells in Bangladesh was contaminated with human faecal organisms (Islam et al. 2001 , Luby et al. 2006 . In general, latrines are closely located to shallow tube wells, which increase the possibilities of microorganisms to travel from pit to shallow aquifer. In Bangladesh, tube well water is used primarily as a source of drinking water by the vast majority (90%) of the rural population and these tube wells have been installed at various depths, depending on availability and the level of groundwater. In many countries, waterborne diseases were linked to contaminated groundwater (Jones and Watkins 1985, Craun et al. 1997) . Domestic sewage, effluent from septic tanks, pit latrines, soaks pits are the major sources contributing to groundwater contamination (Dwivedi et al. 2007 , de Andrade et al. 2008 , Ozler and Aydin 2008 . Groundwater is generally safe owing to qualitative changes, especially in the high-density residential areas where sewage disposal practices are not proper (Blueford et al. 1996 , Anand et al. 2006 , Krishnan et al. 2007 ).
Moreover, groundwater flow from nearby water bodies and local lithostratigraphy may influence the physico-chemical and biological/bacterial properties of shallow tube well water. Therefore, the objective of this research was to investigate the probable influence of latrines and groundwater flow on the water quality of shallow tube wells in a rural village of Bangladesh.
MATERIALS AND METHODS
Shinduria (23˚52' N and 90˚14' E), a rural village under Savar Upazilla of Dhaka district, Bangladesh was selected for the present study (Fig. 1) . The Bangshi River is flowing along north-south direction at west side of the village. This uplifted Pleistocene terrace, one to 30 feet above the adjacent floodplains, comprises the south-western part of Madhupur Tract under the Tangail-Tripura High and is bounded by the Ganges floodplain in the east, the Brahmaputra floodplain in the north, the Jamuna floodplain in the west (Khandoker 1987) .
A structured questionnaire was surveyed in 90 houses of the study area to gather information about tube wells types, its installation year, depth, types and characteristics of latrines. Four bore holes (up to 125 ft) (Table 1) were accomplished by wash borings method followed in Hand Dug technique of shallow wells. Drilling method prevents a complete evaluation of the finer grained fraction (commonly fine-grained sand and silt) that tends to be held in suspension by the drilling fluids. Lithologic descriptions are based on the criteria as (1) major textural class, (2) estimated grain-size distribution by major textural class: (A) silt-clay (<0.05 mm) (B) sand (0.05-2.00 mm) and (C) gravel (>2.00 mm), (3) grain and clast shape, (4) sorting and approximate range of grain and clast size, (5) clast composition and approximate relative abundance, in decreasing order of abundance, and (6) color using Munsell notation. At least 500 gm sample at 0 -20, 20 -60, 60 -80, 80 -100, 100 -125 ft were kept in sterile poly bag, sealed, labeled with unique sample identity, brought to the laboratory and stored at ambient conditions prior to the analysis of lithologic features. Bore logs, 3D model and panel diagram of study area were modeled using Rockworks Software 2004. Groundwater flow direction of the study area was taken from available data and observations. Water samples were collected from 21 shallow tube wells (triplicate of 1000 ml from each sampling point) randomly throughout the study area (Table 1, Fig.1 ). pH and dissolved oxygen (DO) of the water samples were measured in situ using digital pH meter (SCOTTOH GERATE, Gmh, CG 818) and DO meter , respectively. Colorimeter (DR/890 Hach Company, USA) was used to determine phosphate, sulphate, nitrate, nitrite and iron concentration using Molybdovanadate, SulfaVer 4, Nitraver 5, Nitriver 3 and FerroVer reagents of Hach Company, respectively. Detection and quantification of total viable bacterial count (TVBC), total coliform count (TCC), total faecal coliform count (TFCC), total Salmonella Shigella (TSS) and total vibrio count (TVC) were performed by Membrane filter (MF) technique using nutrient agar, Mac Conkey agar, mFC agar, SS agar and TCBS agar, respectively. TFCC plates were incubated at 44±0.5°C while others at 35±0.5°C for 24 hours. Number of colonies of each filter was calculated as colony forming units (cfu/100 ml). Table 1 . Account of shallow tube wells, their position to sanitary latrines and location of bore logs sites of the study area.
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RESULTS AND DISCUSSION
Questionnaire survey revealed that among the studied 21 shallow tube wells, nine were 6-10 years old while only one was just over 15 years. The maximum tube wells (12) were about 100-150 ft deep in the study area. 85% latrines were ring slab type and about 50% of these were built during the last 5 years. Depth of sanitary latrines varied from 2 to 30 ft. The maximum latrines had a depth of 11-20 ft, while 6-10 ft was the common distance of 12 sanitary latrines from the adjacent tube wells. 1 tube well was located toward east, 7 toward north-east and 5 toward south-east, 5 towards south-west, 1 toward west and 2 toward north-west direction of the adjacent latrines. Overall scenario and status of tube wells and latrines of the studied area is illustrated in Table 2 . Three different zones of distinct lithology were recognized from top to bottom in the study area. A summary of the zones marked as zone (1), zone (2) and zone (3) is given in Table 3 along with thickness of the subsurface geology. Cross-sections of the four boreholes, individual log ( Fig. 2) and panel diagram (Fig. 3) indicate that silt was rich in southern side almost near the river and thinner in other sides. Silty clay was thick in eastern side but relatively thin in southern side and moderate in other side. This gave a scenario of alluvium deposition near the river. Almost 30 ft thick sandy clay semipermeable layer was found in southern side. Below this layer some dark color peat layer was found. A large number of clay layers were found below the peat layer, which was thick in southern side and thin in other side. Some peaty clay was also found below the clay layer. It was thick in west side and thin in eastern side of the study area. A shallow aquifer was found at a depth of hundred feet from where local people extract drinking water. Physico-chemical parameters of tube well water of the study area are given in Table  4 . Tube well water pH, sulphate, nitrate and nitrite were within the allowable limit of Department of Environment (DoE 2003) for drinking purpose. All the studied parameters showed an uneven distribution over the study area. Phosphate concentration did not comply with the standard recommended by DoE (2003) . Almost similar trend was found in another village in Bangladesh by Rahman et al. (2009) . Phosphate may arise from sanitary latrine situated just adjacent to the tube wells. Two tube wells exceed the highest permissible limit of iron (Fe) for drinking purpose. The correlation coefficient matrix among the physico-chemical parameters of sample water is given in Table 5 . NO 2 correlated positively with pH, Fe and NO 3, while negatively with DO. NO 3 also correlated positively with pH and negatively with DO. DO and pH showed strong negative correlation. .532* 1 **Correlation is significant at the 0.01% level (2-tailed), *Correlation is significant at the 0.05% level (2-tailed)
Biological properties of any water system reflect the conditions existing in the environment. Bacteriological quality of tube well water of the study area is illustrated in Table 6 . TVBC ranged from 6.12 × 10 2 to 1.076 × 10 4 cfu/100 ml. The results suggested that the bacteriological qualities of the water sources were unacceptable for drinking purposes. Luby et al. (2008) also found high range of bacteriological load in tube well water in three flood-prone areas of Bangladesh. TCC include bacteria that occur naturally in the intestines of warm-blooded animals. So, presence of this group in the groundwater was an indicator of microbial pollution from human feces source. This also indicated the possibility of the presence of other pathogenic microorganisms as well as contamination of the water source with sewage (Hosetti and Kumar 2002) . TCC ranged from 1.5×10 1 to 4.98×10 3 cfu/100ml in water samples and values exceeded the maximum recommended limit set by WHO (2004) for drinking water. Hence, drinking of such water can pose a serious health risk to the consumers. The highest TCC was found in tube wells located within 5 ft of a ring slab latrine. So, there was a strong possibility of contamination of groundwater by microbes from human faecal origin. Rahman et al. (2009) found total coliform bacteria as 0 to 15 cfu/100ml in a rural area of Bangladesh and unsafe latrine was the main contribution of such pollution. TCC ranged from 1.18 × 10 3 to 4.9 × 10 studied tube wells. No Vibrio cholerae was identified from any of the samples analyzed. Status of TVBC, TCC, TFCC and TSS in the shallow tube wells was much higher than WHO (2004) recommended standard (Nil) for drinking water. TVBC was positively correlated with TSS, TFCC and TCC while TCC was positively correlated with TSS and TFCC (Table 7) . Table 6 . Quantitative analysis of different bacteriological load in shallow tube wells water.
Sample No. TVBC /100 ml TCC /100 ml TFCC/100 ml TSS/100 ml TVC/100 ml The Bangshi River is flowing along the north to south direction ( Fig.1 ) that played a vital role recharging the aquifer. Hence, the groundwater flow direction in the study area is from west to east. If latrines were counted as constant regards to tube wells, it gave an idea about the possible contamination by groundwater flow. Out of 21 tube wells, 13 were located in the eastern side which shows more microbial contamination than other eight tube wells located in the western side of the open pit latrines. Moreover, proximity of tube wells and latrines (<10 ft) might be another cause of microbial contamination in the western side tube wells in the study area (Rahman et al. 2009 ). van Geen et al. (2011 also identified latrine as a plausible proxy for microbial contamination of tube well. During rainy season river water overflow the study area and human wastes of open pit latrines spread out which contain large numbers of enteric microorganisms that have high concentrations of nutrients and a high oxygen demand, all of which may have an adverse impact on groundwater quality. Polluted water might enter through well head if it is not fully sealed with protected layer. Water application rates temporarily exceed the hydraulic conductivity of soils, such as during intense rainstorms, or where septic tanks may overflow, solutes are readily leached by preferential flow in sandy soils. Moreover, fecal contaminants may infiltrate to the aquifer and occasional contamination of well water might occur due to backflow from the tube well. Some microbes can be transported through sand and small fraction of bacteria do not attach to the sediment (Mailloux et al. 2003 , Taylor et al. 2004 , Foppen and Schijven 2006 .
CONCLUSION
Improper sanitary latrines are supposed to be one of the sources in rural Bangladesh where latrines are closely located to shallow tube wells. Local geomorphology, lithostratigraphy and groundwater flow also influence microbial contamination of shallow aquifer. It can be concluded that latrines influence microbial contamination of adjacent tube well water where aquifer flow direction is from latrine to tube well. In the study area tube well should be located at western side of the latrine and the distance between them should be more than 10 ft to avoid the possibility of microbial contamination. Therefore, information on local lithology and groundwater flow direction should be considered during new shallow tube well installation in any rural area of Bangladesh adjacent to pit latrine.
